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Molecular genetic mechanism of homoploid hybrid speciation

LIU Jianquan'®, CHEN Meiling', FENG Landi', SUN Pengchuan'
(1. Key Laboratory of Bio-Resource and Eco-Environment of Ministry of Education, College of Life Sciences,
Sichuan University, Chengdu 610065, China; 2. Key Laboratory of Herbal Innovation and Grassland Agro-
ecosystem, College of Ecology, Lanzhou University, Lanzhou 730000, China)

Abstract: Homoploid hybrid speciation (HHS) is a pathway in which hybrid descendants form a new species
through iterative evolution without a change in ploidy. Recent studies have shown that the molecular genetic
mechanism of HHS resembles Mendelian inheritance in intraspecific hybrids. Two parental species carry
highly differentiated non-allelic genes related to reproductive isolation phenotypes (e. g. , AABBCCDD X
aabbcedd) , and a multilocus heterozygous F, generation is produced by hybridization. Intercrossing or selfing
of F, individuals produces an F, generation with homozygous genotypes at individual loci and many free com-
binations of non-allelic genes. Under selection for reproductive isolation, the expected Mendelian segregation
and combination ratios of genes and phenotypes are not observed. Instead, more combinations of non-allelic
genes and new phenotypes are generated, providing variants on which natural selection can act and from
which species can arise. Individuals that alternately inherit highly differentiated non-allelic genes from both
parents Ce. g., AAbbCCdd) can acquire phenotypic combinations or traits that differ from those of both par-
ents. Reproductive isolation from both parents can then be established, providing a genetic starting point for
independent evolution as a new species, with further iteration from F, to F,. However, in nature and conven-
tional artificial distant hybridization, hybrid populations are much smaller than parental populations, and seed
set 1s low because of initial reproductive isolation. Hybrid descendants are therefore likely to backcross repeat-
edly with the parents, interrupting iterative evolution within the lineage. This may explain why the process is
difficult to maintain in nature and is often overlooked in breeding. For hybrid descendants to evolve into an in-
dependent species, continuous iterative evolution among hybrids of the same generation is required. Repro-
ductive isolation between the parents must gradually be overcome and fertility restored, while both prezygotic
and postzygotic isolation from the parents must be established and a stable population size must be reached.
This molecular genetic mechanism, termed "alternate inheritance of highly differentiated non-allelic genes, "
has been supported in HHS cases involving natural evolution or human domestication in Ostryopsis, Distego-
carpus, Solanum, Rhododendron, Rhinopithecus and Vicugna, indicating that it occurs across taxa and tim-
escales. The alternately inherited and ultimately fixed highly differentiated genes are speciation genes because
they initiate the origin of a hybrid species. Three areas should be addressed in future research: (1) genomic
dynamics during iterative evolution of hybrids should be determined; (2) the molecular pathways through
which alternately inherited, highly differentiated genes at different loci interact in gene regulatory networks to
generate new traits should be identified; and (3) molecular breeding approaches that use iterative distant hy-
bridization between species or subspecies to generate new phenotypes should be examined.

Keywords: homoploid hybrid speciation; alternate inheritance; iterative evolution; speciation gene identifica-

tion; Mendelian independent assortment

1210



% 5

X A, RIS S AP R0 o T BLAE F AL

% 63 %

il l] % 38 76 A SR B oh ol A7 AR o AR R B
PR 20 27 R 10 K S itk — 2D 8 s TE 1 2 i A di
SIER DR S L LR o { SN == Qi e o i 1 S
1230 Ze S8 My FIE i Chybrid speciation) J2 48 Wi 4>
3 AT G o R A 2 sg e AR R B Sk R LIRS
SR AP A ST A b S AR AR A S P A
ST R AR s YRR A4S =R 2 AR R
22 W) A E B Callopolyploid hybrid speciation) '™ il [7]
5 7% 22 W) Bl FE W Chomoploid hybrid speciation,
HHS) W25, i & i 1 24 38 IF & 2E 2 A% 16 P i
B SR AHE A A B 2 1R R (HIF AR 52 2 BR e
KA F AR O] 7= A 1/4 5 2R A g £0 (4 %0 B AR A 19
fic F, T & AR R D FE AR o R L e
HAEA B REPER N BT il e 22 5 5 0k
AR ST A B B B IR BB R LA AR IR
HHS %0 %8 0, {5 3 4F ok i) JE R 2 i 58 e B, LS
PR & A 435 w8 1 AAE AR

HHS 78 2™ )2 1 5% i 8 fh i F il o 2
PRI 2H 40, HHS n] B i B X8 AR 25 07 19 37 MR
A B HHS F 5] & 04 E 1
B 5 S AR A A AR B R ST L AT REHE S )
Fofr (0 PR SRR S 44k, G R AR HHS 7 A2 B PR AR JF
o7 BT AR AL ] — b T i 2 R HHS
Fege = AR At Bl HHS 2 6] stk = 1
Xl 2 REAR B R A, HHS #F 78 B S 15 & A=
Z 287 M I 2 R ke G IR B 2 A= B B 25 N S W R
TE 17 1 B SR A T o B ST T DA AE B PR A 2
T4 i A1 21 HHS OC B 5l Fl 5 PR ) 0 52 % 07 ¥5 K
AU B A R R T Ostryopsis ™™ KL S 48 &
Rhododendron'™" | 4 % ¥ J& Rhinopithecus' X i
J& Solanum + G 4 sect. Petota "' % 2 5 b 13 58] T
3 IR o R A S W R OE B S st A% o
BlAE T SR AT 2 1) 09 g 43 Ak A 45 7 5 DX 3 3 4%
LA AT AR B A B AR T [, AT IR B
1 A= B 5 P R B AL B SR R X — i R
TP AH ELARAE 9 B B - 22 7 i A 55 7 5 PR Y 22
B 4k 7K (alternate inheritance) 7= 42 #2414 , DA M ik
U1 4k Citerative evolution) ; 3 [A] 4 1% 2L 2H 4 [E 72 ,
HET T A S R

WO ZFAR YR S, ) R TE] A= BB S A S R o —
AN S AR R MR AT "B T T i e BERRTY L R
ZHOR G R Z B A AEAE 2 2 G 15 R
B B AT AT e AR b e AR R AR TR, A T

AR kg R X 0 S 38 A B 3 AR AR 58 4 P Y B
BT, RG4S 5 BOI G ) Fh 22 ) A
LR e SRR R E PIsg R H G B A
7 3% A 78 A ) 5 8 HHS 54 . AR SCH 28 HHS 1)
=k g R HHS (95 F s A& 2 A0 4 )
J2 1 4 Ak B TR 2 DX 2 AR R TR A8 B kR AR
HALHL] s HHS R b R v 2% £ 31k i Rl R 2%
DL K HHS 2R 58 i FF 92 J7 1) F1RT BE A9 107 FH T 5%

1 SoUEERNTBEHRSEREL

1.1 BaUERERZ 4% (alternate inheritance)
HHS JT ¥ K (85 43 4k 5 e R U5 R ) g B
A B P X — FRAE X T S8 HHS B 5L A
HA BB TR E L & H A5 B e 2 N Can
i) A6 9T | A 2 3 N AR A TR A B PR A A T
Z: 5 R A Y R s R R0 46 o Ak B DR L AF
172 S AR A R & ik B AR 8 6 B0 R 4 1Y O
e I 2 i PR B A0 A S A R — il
U1 P/ v AN S Ve - S S R = | S (v~ PR N
B B AT REAR 252 B [ AR ERRAE T . AR TR
BLP A 1Y 8T 98748 | 2 9 18 R 4G 50 2o 9 1 o Ak S5 A
S e N I = SR T IV K NS B2 2 e | N €
SRIEFE . HUMAEXT & FJ5 DR AR -2 A SR iy &L -2
# (Bateson-Dobzhansky-Muller, BDM) As 3ft %5 9k
S5 AV e PR S W 1) 2 PR S 0l ST T AR S R 22 TR AR R
Gt B LRGN 2% 58 S AR AR A A 7 I T
B AR I AR A A B DN GE R R Rk R R
BEAR : HA IS 2 G 1 24 A8 SR ARBE T2 SO 45 590 5%
AT A T B T R A A R AR
i 1) e — S AR B A5 0 K PR A 2 A [ e, Rt
G IR B A R P 32 T E I R T RE AR AR
fr b3S B AL AL A F J5 BDM AS e 45 358 A ) e
SE WP 2L 35t 15 2H & TovE R B T I [R) 9 3 AR 5
F I AR A
ARG ETRNE T A A R S R X 4
8 HHS J Rk B PR 2808 1 8 s REE T2
G I AR B B S 0T AE A s Ja AR K AR AR T A
e o A B DL AR X 4 3 43 Ak A7 8 #E AT T 25 5
i o HHS X %k oh 8 2 2 9 # B B (recombina-
tional speciation)""” o W AN T G W) Bl 44 28 7 AL W F,
R, ok BOBUCE £ i G 1 AR E B BRIk 3 R0
Ak A5 A B PR, AT Fae RSB A Py o 1 R Al A Ao A
A G s s i FAmRE AR
1211



% 63 %

W KFFHROBRHFRR)

% 5

2 B R A P N R L SR A 4 A 1 B AR
£S5 ol a1/ 1| P il 151 P U | B VAR S PR e ]
I8 1R TR 45 2 ST A S (AL G R[] e € 4 i [e] —
Yo PR AR B X 0O AR S L, 2 R EBCE 2 1)
B A R R A Bt B ARk e Ak A AL, o
WAL B 3K IR SCH SR 2 T B AT X R AR
S, W R EAR A MR AEBHIL S EAB
R Y e B 25, TSR AR B BT SRl 5 28 A A
B BUFR 52 38 N R 00 A 2SR B 5 X A PR 2 A
AR B P R ACRE I o A 2 JE AR RE 6 [R] N [
SE 33X T AR AR A S A A AL P ) HC A A
FE5BRE . EAESLES AR, TS WA EAR
[F) B S N7 A G B B . BRI SR W] X A
WIS 26 A [) I B 2 Ry B /b Bk DB RT RE AR = W
ACE D

FEHE T B M IFST  HHS 32 43E T2 4 B 52 5 11
FAFHESE " . 8RR T Ostryopsis intermedia
29 180 J1 A | & IR T IR ¥E T O. davidiana 5 IR
V&1 O. nobilis A58 o REUR B K 2 B HiE 48 75, PR
AN SRS Tl R A A L PR A S ) b v R
By R R EM B RERA . 8RR A
FRCEE R Cn LHY)D 58 AR 1Y 2 it 52 E RO
(41 FRODTEJE R AR T R S R B S [ E .
[Fi] Jo el 5 4 1 — 20 S0 Uk 1 aX — 35t 1L A A T R 1Y
A BE B B R R R R AR AR TR AR R B S R
WRFRRE e IS N AR LSRR TR,
T S T HHS i R SR AR B oy
A 45 57 R 1 A 52 W0l 28 3 Ak R Y 43 st AR AL
7, I A A A % 2 S 2 A 4 ik ) J5 e A
A SR T AT 7O B EDIE . HHS (9 2 7 550 % fir
FEP 25 T A & v, RO 3 Rl 22 B Ak R o A R A
LB AN A, A 25 55 WA 55 A 78R B B 5
A AL (W 2 B AR R B R B U 57
Yk
1.2 #xX ERERBLAEEYH

AR e 58 7= A F AR S MR B T 0%
A ) o R R I R T AR R AR IE H AR R
AR B a5, P odfE DL AR B AR S A
RIRLZH & B FoRER . AU FARRY 2R 45 JF
ARUZEHHS . W A SRR B4 5 22
B VRS AV S R B S S S ) R A P B - T
17 4% 5 AR KR D U 38 A0 i R EE 2R 58 2 0. Rt
A AE )R AR A T — R B 2 E 2 e
1212

14 4 ——3 A 4 Citerative evolution) . fE Fuft
L AR IR S5 A L R AL A A TR 2 TR R E
raclesl A 22, W FE F, F, 55 5 gt AR b il i
R E A AT M, P EIKA NS FEA
AL AEEA N A A CHVIE R A8 %
W) 28 AR E T B BT S R o st g gl Ak
SRR < = O U [ R 1 | A ol EZE W |
A& F CRILD (4 # # + 4 — X038 2ok A R0 58 PR 20 4 k2%
SR AN RE A R (VST 2R Y NG K N
FEEMERASMNG, HEEFHRE . R, HA
by kAR AL 5 N T RIL M 8 A7 75 AR i 22 5%
RIL AR T3R5 A2, 10 B 4K 2% 58 Ja AR Rl L
LWL AN, AR A AR [ SRR RSN AL AR TE
INBER TR R AR . HOA IR LE BE B A 3 N
A Il O S VAR TS el P S e
A R LA EE . fE ASRZMT Ry &
B AE T 2R A AT B i o e e 22 e AR (LB 2
BB ACER D o e Ah 3 kA ) A AR AE ]
52— HUBCL, # 2 BC2 45 3 £ [l 2 J5 X 1y 7t b
AL

— B AR B, HHS 1 & A % vl R i
AL Gy B A B . A HE T O Senecio
squalidus Fe At 7 3 SEHF A AL R B . SEARY) R IR
FUT B S, aethnensis 24 | AN FER 45
S T — 2R AR R T BOG S, chrysanthemi-
Solius W W AE 2R | H 22 6 F 45 50 & 22 5 P P A
T 2 ROR PG VG B8 43 590 43 A A R AR R, TN AE 3
fith DX A7 AE 24 3847 o 18 204, 4% 2841 By A 1R w5
A A R el A B — A It (2 1794 59D J5
i v JIk A 52 5 W R S v BBE 45 S OB U ST Y —
RIS T OGS G T A EAR S A 244 45
S e AR R AR KR 0 AR A A B S A B
BB S N B AL R N T 1l Tz 4 AR % PR R
HO O — R R AR AR, R A
AT TERC 4 2800 4F RO N 58 B0 2% 384> 1K 3]t
SEW R R R TR S AR R R AR B )
OB s, HIFAE T A HHS B an b ik o X 7
T A6 25 S TR W K B0 AR A AR R RIS 25 R 1Y 26
BE L LA FE 0] BB 2L H KA
1.3 ZBARAYIGIREREE B ETEE

PEAR TR $E A T 58 B Ak R AL A B A o e Sk
UE 111 T 4 #i J& Distegocarpus (R % 36 W i — 254
X — B Y 3 el )RR TR 2 e A R



% 54 X 3 A 5 RIS B AR R0 o F AR F AL % 63 %
AABBCCDDIL 7 % R ALyt W7 it R AL Fhaabbeedd
- e - e - - e .
- . - - . - - - - .-
PIDI AKT2 MKRNI PRKABI
- - - .-
5 L ZZT < . . .
AaBbCeDd
F aabbCCdd AAbbCcDD AaBbCCdd AABbcedd
2
AaBBccdd AAbbceDd AabbecDd AabbccDd T
A3 R ok ‘
FF,
AAbbCCdd AabbCCdd AAbbCcdd AabbCcdd
HEFHREES 5 A SRR ‘
- - - -,
. YR RE
ntl . - - - AAbbCCdd

Bl RAEEIHAY RS TFEAAEN=EH
P EAR Y F C(AABBBCCDD X aabbeedd) 28 44 38 7= A: A2 4 F AR FOARIE AR 2 Fo AR, B 2 RAR N o 8 2 a5t 1 o VAR S5 L P 1Y
GRS AN L FR 2 IS 23 Hh 0 T 400 45 37 35 DA i 2 R0 4 88 B 910 ) 5 TG o 3 4 A4 7 RO 1 43 A Al 5 3 38 [ 935 43 A 14 Cn AADBBCCddD L i T 7 4=
BT I A T B S R MR AN R A R AR A B RS O A ML M AL, S AR AR AR R I Gt 2 AR AR AL T | S I

PIBIRR S T PR K S 1) TR AV A 5B M

Fig.1 Molecular mechanism of homoploid hybrid speciation

Two parental species within non-allelic differentiation CAABBCCDD X aabbcedd) produce fully heterozygous F,. F, generation generates

diverse phenotypes via non-allelic Mendelian combination although no predicted population genetic and phenotypic segregation ratios are expected

as under Mendelian inheritances. Individuals carrying incompatible allele combinations (BDM incompatibilities) are gradually eliminated. Indi-

viduals that alternately inherit highly differentiated alleles from both parents (e. g. , AAbbCCdd) undergo iterative purification across generations,

eventually evolving a genetically stable, fully fertile new species.
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Fig.2 The reported HHS cases in both plants and animals

The genomes of homoploid hybrid species or lineages exhibit a biparental mosaic structure, forming independent evolutionary lineages

through the alternate inheritance of highly divergent alleles from the parental species Cor lineages).
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